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INTRODUCTION 
For many centuries man has been involved in a never-ending 
struggle to produce sufficient food to satisfy his needs. Part of 
this struggle has involved t-he production of domestic crops on 
cultivated land. 
The earliest "farming" systems consisted of a small plot of 
land used for the production of food for the innnediate family. As 
man learned to produce more than his innnediate needs and as some 
learned to produce more than others, the connnercial agriculture 
system was developed. 
Early civilizations found that better utilization of manpower 
could be made by permitting some to specialize in the production of 
agricultural crops. Others became involved in the processing, dis­
tribution, and marketing of the produce. Thus, as the demands on 
agriculture grew, many turned to irrigation as a means of  stabilizing 
and increasing agricultural production. 
When one considers the soils, agronomic, and engineering tech­
nology that was available at the t_ime of many of the historic irriga­
tion developments, the performance and longevity of these developments 
was outstanding. However, many of the historic, and some of the 
modern, irrigation developments have failed for one reason or another 
and have resulted in local economic disaster, destruction and 
abandonment of the land (8), and in some cases fall o f  the 
civilization. 
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In modern times, much research has been directed toward the 
application o f  irrigation to agricultural production. In this· 
country many levels of  government have taken an active role in the 
support of  irrigation research. Research centers such as the United 
States Salinity Laboratory at Riverside, California, have been 
established to conduct this research. 
We have learned, through.the experience of many historical 
failures, that for an irrigation development to·be successful it must 
increase and stabilize agricultural production and have a negligible 
detrimental effect on the land. 
The greatest increases in production due to irrigation are 
obtained in those areas having the most limited natural moisture. 
For this reason the arid regions were the first developed for 
irrigation. As a result of these early developments, the majority 
of the irrigation research conducted to date has been conducted under 
arid conditions. 
At the present time, the midwes_tern states· in general, and the. 
State of South Dakota in particular are beginning their irrigation 
development. Water rights have been approved for the development of 
approximately one-quarter million acres of irrigation in South Dakota. 
This land is in various stages of development with about one half of 
it presently being irrigated. The total potential irrigable area 
in the state is estimated to be over a million acres . With the 
possibility of new'drainage techniques, this potential acreage may 
also be increased . 
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The potential acreage is based primarily on soil characteristics 
and is dependent on the availability of sufficient water that i� of. 
suitable quality . An irrigation development is pr�sently being planned 
that will irrigate 495, 000 acres by using water from the Missouri 
River. This water is generally accepted as being of good quality . 
As stated previously, present criteria for the evaluation of 
water quality for irrigation have been developed in areas having an 
arid climate . In these areas the irrigation water represents all, 
or a major portion, of the water available for plant growth du�ing 
the growing season . However, in areas with climatic conditions 
varying from semi-arid to sub-humid, the natural rainfall supplies 
a significant portion of the moisture available for agricultural 
production. 
\ 
RESEARCH OBJECTIVES 
This study has been undertaken because of the limited knowl­
edge of the effects of irrigation on soils in semi-arid and sub� 
humid climatic areas. 
·The objectives of this research are: 
1. To study irrigation systems now in operation and to 
determine by soil and water analysis the rates of 
salt and alkali accumulation; 
2. To determine, by a multiple regression analysis, 
the laboratory determinations which most accurately 
estimate the exchangeable-sodium-percentage of the 
soil; 
3. To determine the effect of various qualities of 
irrigation water on the accumulation of salts and 
alkali in the soils being developed for irrigation 
in South Dakota; 
4. To evaluate present water quality criteria and their 
suitability to the conditions that exist in South 
Dakota. 
4 
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LITERATURE REVIEW 
The original intent for the use of ·irrigation was to increase , 
and stabilize agricultural production. Increased production 
results from providing, as ?early as possible, an ideal moisture 
condition for plant growth. Stabilized production is obtained by 
supplying water according to plant needs rather than relying on 
natural weather conditions. 
In line with the original objectives, it was soo·n realized 
that to maintain an increased production on a continuous basis, the 
irrigation system must not have a harmful effect on the soil. This 
was the beginning of the development of water quality criteria for 
irrigation. 
As with the development of any standard, the present criteria 
used for the evaluation of water for irrigation have undergone many 
stages of development. This development has been the result of 
continued research in the field of irrigation. 
Hagen (22) statis that the analysis of an irrigation water 
should provide information on the suitability of the water for 
irrigation use and should aid in determining the management practices 
that should be followed. The purpose of the criteria is then to use 
the analytical results to obtain this objective. The objective of 
modern criteria is to predict the chemical and physical effects that 
a water of certain chemical cdnstituents will have on the soil and 
plant growth conditions. 
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All water available for the irrigation of agricultural crops 
contains some dissolved inorganic salts. These salts are originally 
derived from the rocks or_ solid phase materials through which w&ter 
percolates. These dissolved,salts connnonly consist of the chlorides, 
sulfates, and bicarbonates of calcium, magnesium, and sodium (12) .  
The dissolved salts and other minor constituents, if contained 
in excessive amounts, may affect the growth of plants in three ways: 
(a) they may adversely affect the physical characteri"stics of the 
soil; (b) the dissolved salts may increase the osmotic pressure of 
the soil solution to a point where it restricts the plant uptake of 
water; and (c) the accumulation of certain ions may have a toxic 
effect on plants ( 12). 
Based on the above effects, Wilcox (22) considers four principal 
hazards related to the chemical composition of the irrigation water: 
' . 
total dissolved salts, sodium, bicarbonate, and phytotoxic substances 
such as boron. 
The total salt concentration is- probably the most important 
single criterion of water quality. The reason is that the salinity 
of the soil solution is influenced by, and often determined by, 
the salinity or salt content of the irrigation water. 
The salts in the irrigation water are either leached from the 
soil by water that passes through the soil profile, deposited in the 
root zone as the result of water uptake by plants, or deposited by 
evaporation at the soil surface. With the exception of salts lost 
in leaching, this increases the salt content in the soil solution. 
7 
The amount of  dissolved salts that are utilized by plants is usually 
insignificant in comparison to the total amount of salt in the soil 
profile. As the salt concentration increases, it increases the 
osmotic pressure of  the soil solution and in turn increases the 
energy required by the plant to extract water from the soil solution . 
Soils that have an excessive amount of soluble salts are called 
saline soils . By definition, �oils are considered saline when the 
electrical conductivity of the saturation extract is at least 4 
millimhos/cm {mmho/cm) at 25°c, and the exchangeable-sodium­
percentage {ESP) is less than 15 (17). 
The dissolved sodium content is very important because of  its 
effect on the physical characteristics of the soil. Grillot (12) 
states that, "the coagulant power of Na+ being lower than that of  
the other cations, the substitution of  the Na+ ion for the ca++ ion 
in the absorbent complex of the soil, which obtains when the soil 
solution is rich in Na+, has a peptizing effect as soon as the 
solution becomes less concentrated for any cause (rain or irrigation) ." 
The peptizing effect mentioned by Grillot appears to have less 
effect when the soil is leached with high salt water and is very 
pronounced with low salt water such as rainfall. The resultant 
effect is a highly dispersed condition in the soil . Exchangeable 
sodium tends to make a moist soil impermeable to air and/or water; 
and, upon drying, this soil is hard a�d difficult to till. Dense 
crusts form that interfere with germination and seedling emergence (22). 
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The degree to which a soil has be�n affected by sodium is 
characterized by the exchangeable-sodium-percentage (ESP) calculated 
as the percent of total cations on the soil exchange complex that 
are sodium. 
Soils that are high in exchangeable sodium are termed alkali 
(sodic) soils, and are by defi�ition those soils having an ESP 
greater than 15 and in which the conductivity of the saturation 
extract is less than 4 nnnhos/cm at 25°C (17). Soils having an ESP 
greater than 15 and an electrical conductivity of the saturation 
extract greater than 4 nnnhos/cm at 25°C are called saline-alkali 
soils (17). 
The bicarbonate content of the irrigation water is important 
beca½se, as the soil solution concentrates, or as the pH increases, 
calcium tends to precipitate as relatively. insoluble calcium 
carbonate . The amount of available calcium that precipitates is 
proportional to the amount of bicarbonate present. This loss of 
calcium has the beneficial effect of decreasing the soil salinity; 
however, more important it increases the relative concentration of 
sodium in the soil solution. This in turn tends to raise the ESP 
of the soil which is in equilibrium with the soil solution . 
. The remaining consideration related to the chemical composi­
tion of the irrigation water is the presence of ions which may 
accumulate and be tox.ic to plants . Boron is the principal ion of 
concern in this respect . It is not within the scope of  this ttudy 
to measure the accumulation of phytotoxic substances. However, it 
must be stated that this problem is of vital concern in some 
agricultural areas and with certain agricultural crops. 
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The primary concern of this study is the effect.of the chemical 
composition of the irrigation water on the ESP of the soil. Consider­
ation is also given to the climatic conditions of the area studied . 
The United States Salinity Laboratory (19) has established 
criteria for the evaluation of waters for irrigation. They have 
determined a relationship between the sodium concentration of the 
irrigation water and the ESP that will exist in the soil when it 
is in equilibrium with the irrigation water . 
The sodium hazard of an irrigation water is expressed in terms 
of the sodium-adsorption-ratio (SAR) and is determined by the 
equation: 
(I) 
where the ionic concentrations are expressed in milli-equivalents 
per liter (meq/1). Use of the SAR as an estimate of the sodium 
hazard has generally been accepted and is being widely used today . 
An empirical relationship between the SAR of the irrigation 
water and the anticipated ESP that will exist on the soil when it 
is at equilibrium is given by the following experimently determined 
regression equation (19): 
ESP =  100 (-0.0126 + 0 . 01475 SAR) 
1 + (-0 . 0126 + 0.01475 SAR) (II) 
10 
Wilcox (21) found that when data not available at the United 
States Salinity Laboratory at the time'of the development of Equation 
II was included with the original data, the regression equation was 
of the form: 
ESP= 100(0. 01991 + 0 . 01246 SAR) 
1 + (0. 0 199 1 + 0. 01246 SAR) (III) 
Both equations are based on highly significant correlations and 
differ only slightly in their estimation of equilibrium ESP. 
The. nomogram shown in Figure I affords a solution for determining 
the SAR of an irrigation water. It can also be used to estimate the 
corresponding ESP value of a soil that is in equilibrium with the 
. irrigation water ( 19). The ESP estimate is based on Equation II. 
The reference acknowledges the fact that actual ESP values at 
equilibrium may be higher than those obtained from the nomogram due 
to concentration of the soil solution by evapotranspiration. 
In a discussion of alkali soils, Hayward (13) states, "that the 
physical properties o f  soils are greatly influenced by the degree 
to which the clay and organic matter are saturated with sodium." 
Soils in which the exchange complex is saturated with calcium and 
magnesi�m generally are flocculated and have good graPular structure, 
whereas, soils containing an appreciable amount of exchangeable 
sodium have poor structure." It has been found that soils containing 
ten percent or more exchangeable sodium tend to become dispersed. 
Grillot (12) �uggests that irrigation water which is likely to 
cause an ESP of  the soil in excess of 12 percent should not be-used, 
Na+ 
�o i 
15 
10 
5 
ca++ + Mg++ 
Meq/1 
0 
0. 25 
0.50 
0. 75 
1. 0 
5 
10 
-15 
20 
11 
Figure I. Nomogram for Determining.the SAR Value of Irrigation 
Water and for Estimating the Corresponding ESP Value 
of a Soil That is at Equilibrium with the Water (19) 
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and the soils having an ESP of 15 percent or greater should not be 
irrigated with sodium rich water. He further states that all 
economfrally fe.asible irrigation is impossible at an ESP o f  40. 
In addition to the research conducted to determine the estimated 
equilibrium ESP, much work has been directed toward the determination 
of �he factors influencing this equilibrium condition. Included in 
this area is the estimation of the amount of irrigation water required 
to reach equilibrium, the influence of soil pH, and the importance 
of bicarbonates and the precipitation of calcium carbonate. 
One method of  estimating the depth of water required to reach 
equilibrium, as developed by the United States Salinity Laboratory 
(5), considering the cation concentration and SAR of the irrigation 
water and cation exchange capacity, bulk density, and depth of  the 
soil, is shown in Figure II. 
Brooks (6) has conducted further work in the application of the 
Thomas-Hiester-Vermeulen equations for estimating the water required 
to reach equilibrium under field conditions. 
The United States Salinity Laboratory and the Brooks method of 
determining the time required to reach equilibrium have been 
determined under arid or laboratory conditions where the amount of 
rainfall has been negligible. 
Reeve and Fireman (17) in the definition of saline, alkali, 
and saline-alkali soils have described the pH conditions that 
5 
. 1 
0. 5 
0.1 
0.05 
0 . 02 
0 10 
13 
Amount of water in cm . required to 
equilibrate soil with water to a given 
depth = F value x exchange capacity in 
meq/100 gm x bulk dens�ty x soil depth 
cm . 
20 30 40 50 
Total Cation Concentration of Water, meq/1 
Figure II . Graph for Estimating the Amount of a High sodium Water 
Required to Equilibrate the Water with Soil Initially 
Free of Exchangeable Sodiun1 (5) 
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generally exist in each type of.soil as follows: 
Soil Condition 
Saline 
Alkali 
Saline-alkali 
� 
7.1 to 8. 5 
8. 5 or greater 
less than 8. 5 
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Fireman and Wadleigh (10) determined a correlation between 
the. pH of the soil and the ESP. They found that, "the generalized 
relation for 868 soils indicated that unit increase in pH (of the 
saturated soil, pHs) was associated with an increase o f  20 units of 
exchangeable-sodium-percentage (ESP)." It was found that with a 
pH8 of 8.5, the chances were two out of three that the true value 
for ESP would lie somewhere between 17 and 50 percent. "Less than 
half of the variance in ESP was found to be associated with the 
concomitant variance in pHs. "  .The results were found to be depend­
ent dn the state of the calcium content and the locality from which 
the sample was taken . 
As can be seen by the literature cited thus far, the effect of 
irrigation water on soils varies with many environmental conditions. 
The effect is influenced by the amount of water applied, rate of 
application, amount of·water leached or evapotranspired, pH of the 
soil, bulk density, cation exchange capacity, and others. 
Wadleigh and Fireman (20) have used multiple regression analysis 
to determine the effect of several independent variables on a depend­
ent variable. The results of the expe�iment were used to determine 
what tests would have to be made in the laboratory to best estimate 
the dependent variable. 
15 
As previously stated, the bicarbonate content of the irrigation 
water plays an important role in the ESP buildup. Eaton (8) 
reasoned when a sodium rich soil solution, containing more carbonate 
and bicarbonate than calcium and magnesium, is concentrated by 
evapotranspiration and has resulted in the precipitation of calcium 
- and magnesium as carbonate salts, the remaining carbonate and 
bicarbonate is paired as soluble sodium carbonate and bicarbonate . 
This increase in the relative sodium content replaces calcium and 
magnesium on the soil exchange complex, which in turn may result in 
further calcium and magnesium carbonate.precipitation. The extent 
to which the reaction proceeds is primarily determined by the con­
centration of the soil solution and the amount of  available bicar­
bonate. The consequences of increased ESP have been mentioned 
previously. 
When the·precipitation of the carbonates is considered, it can 
be readily seen that waters which would normally be classed as having 
a low sodium hazard may, in the pres�nce of excess bicarbonates, 
seriously increase the ESP of the soil. 
In order to evaluate the effect of the bicarbonate content on 
the sodium hazard of an irrigation water, it is necessary to estimate 
the hazard on the basis of the sodium concentration after the 
possible precipitation of calcium and magnesium . 
Eaton (8) recommends that the follqwing be considered in the 
evaluation of an i�rigation water: (a) residual-sodium-carbonate 
(RSC) '. (b) d' "f nd"· and (c) percent sodium "possible� 
fl 
percent so 1um ou ,
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Residual sodium carbonate is defined as the amount of carbonate and 
bicarbonate in excess of calcium and magnesium. The possible sodium, 
percentage takes into consideration the possibility of complete 
precipitation of calcium and �agnesium as carbonates. The deter­
minations are made as follows: 
RSC = (C03 + HC03) (Ca + Mg} (IV) 
% Na "found" = {Na x 100}/ (Ca + Mg +  Na) (V) 
% Na "possible" = {Na x 100)/ (Na + Ca +  Mg - HC03 - C03) (VI) 
where all concentrations are expressed in milli-equivalents per 
liter of the ion shown. The correction for carbonate and bicarbonate 
in the calculation of "possible" percent sodium cannot exceed the 
sum of calcium and magnesium, and thus limiting the maximum percent 
sodium "possible" to 100 . 
The considerations mentioned by Eaton can be used to represent 
the most adverse condition; this condition being all calcium and 
magnesium precipitated. However, it is kno.wn that the extent of 
carbonate precipitation is dependent on the pH of the soil, concen­
tration of the soil solution, and solubility of calcium and 
magnesium carbonates. Therefore, a quantitative estimate of the 
extent to which the carbonates will precipitate would be very 
useful in assessing the potential sodium hazard. 
Bower (2) describes the use of equations developed by Langelier 
for indicating the extent to which waters flowing through iron or 
galvanized pipes will precipitate dissolved calcium carbonate. 
Langelier has devised an index, termed the saturation index, defined 
as the actual pH of a water (pHa)· minus the pH (obtained by 
calculation) which the water will have'when it is in equilibrium 
with the calcium carbonate (pH8 ), (more recently written as pHc) .· 
The expression is written as: 
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Saturation index = pHa - pHc (VII) 
Positive values of the index indicate that calcium carbonate will 
precipitate from the water, whereas negative values indicate that 
the water will dissolve calcium carbonate. The equation for 
calculating pHc in its simplest form and applicable within the pH 
range of 7. 0 to 9. 5 is: 
pHc = (pKz - pK�) +pea
++ + pAlk (VIII) 
The last two terms are the negative logarithms of the molal and 
equivalent concentrations of calcium and titratable base respectively. 
The terms pKz and pJ(� are the negative logarithms of the second 
dissociation constant for carbonic aci� and the activity product of 
calcium carbonate, respectively, at the ionic strength and temperature 
of the water. 
Wilcox has modified the Langelier equations by using the pH 
of the soil instead of the actual pH of the water for the term pHa 
in Equation VII. The reason for this modification being that the pH 
of the soil is much more highly buffered than the water pH, and it 
is assumed that the water will assume the pH of the soil on contact. 
Further reference to the saturation index in this writing will refer 
to the index as modified by Wilcox. 
18 
Experiments by Wilcox, et al (4) have shown a highly significant 
correlation to exist between the saturat�on index and the amount of, 
actual calcium carbonate precipitated. Further work has also shown 
that precipitation does not occur for negative values of the 
saturation index. 
Data for the construction.of graphs to be used in the solution 
of Equation VIII are provided in Table I (4). 
Work reported by Bower, et al (4) has shown that. the amount 
of carbonate precipitated was found to be highly related to the 
fraction of the inflow water evapotrartspired. Experiments were 
conducted with waters having pHc values ranging from 7. 45 to 7. 59. 
Results of this experiment are shown in Figure III. 
Further work by Ogata,·et al (14), as shown in Figure IV, 
found that the percent of the total carbonate which precipitated 
was dependent on the pHc value and the percent of the water applied 
that was used for leaching. 
The work of Bower and Ogata indicates that the amount of 
carbonate precipitation is related to the concentration of the 
soil solution. 
Bower and Goertzen (1), reporting in 1958, found that when a 
soil containing calcium carbonate is leached with salt-free water 
such as rain water, adsorbed sodium is replaced due to the hydrolysis 
of calcium carbonate. This would tend ·to offset, to a limited 
Concentration 
meq. /1. 
0. 1 
.5 
1 
2 
4 
6 
8 
10 
15 
20 
25 
30 
35 
40 
50 
{pK2 -- p�) 
2. 11 
2. 13 
2 . 16· 
2. 20 
2. 23 
2. 25 
2. 27 
2. 32 
2. 35 
2. 38 
2. 40 
2. 42 
2. 44 
2. 47 
pCa 
4�30 
3. 60 
3. 30 
3. 00 
2. 70 
2 . 52 
2. 40 
2. 30 
2. 12 
2.00 
1. 90 
1. 82 
1. 76 
1. 70 
1.60 
' ' 
Relate (pKz - pKc) to total cation concentration, and 
pAik 
4.00 
3. 30 
3. 00 
2. 70 
2. 40 
2. 22 
2 .10 
2. 00 
1. 82 
1. 70 
1. 60 
1. 52 
1. 46 
1. 40 
1. 30 
pCa and pAlk to calcium and titratable base concentrations, 
respectively. 
Table I .  Data for the Construction of Graphs for 
Use in the Calculation of pHc. (4) 
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Figure III. Precipitation of Carbonates From Waters 
Having pHc Values Ranging From 7. 45 - 7.59 
as Related to the Fraction of Water 
Evapotranspired (4) 
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8 . 7 
and Leaching Percentage During 19 Irrigations (14) 
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degree, the effect of residual sodium carbonate in areas where the 
natural rainfall represents a significant portion of the total water 
entering the soil profile. 
Much research has been conducted on the reclamation of alkali 
(sodic) soils. Bower and Reeves (16) experimented with the use of 
Salton Sea water for use in the reclamation of alkali soils. Their 
main objective was to use a water with a high total salt content to 
prevent deflocculation of the soil and therefore not reduce the 
permeability. 
Reclamation was accomplished by successively diluting the sea 
water with Colorado River water. This resulted in a decrease in 
the SAR of the diluted water as shown by the following: 
SAR = Na 
(Ca; 
Mg
)
� 
(SAR)dil = 
Naw/d 
(
Caw
2
; 
Mgw)72 
(SAR)dil = (SAR)w d-\ 
d = total depth of water applied 
depth of Salton Sea water 
(I) 
(IX) 
(X) 
(XI) 
where the subscript, w, refers to the initial water that is to be 
diluted and, d, is the dilution factor. 
Reclamation by this procedure resulted in the reclamation being 
accomplished with less total water being applied and left the 
reclaimed soil with a higher permeability than soil reclaimed with 
low salt water. 
Fine, et al (9) and Umback, et al (18) found in irrigating on 
the Shadehill Irrigation Development farm from 1952 to 1958, that 
the ESP in the top 18 inches was approximately 7. 5 to 8. 1 percen�, 
up from an initial 0. 9 percent. The average depth of irrigation 
water applied was 25. 6 inches per year and the average SAR of the 
irrigation water was 9. 2. The highest levels of ESP appeared to 
reach equilibrium after about four irrigation seasons (1954-55). 
Average residual-sodium-carbonate over that period was 4. 2 meq/1. 
Average annual precipitation for the area is about 14 in�hes 
with approximately one half of the total precipitation occurring 
during the growing season. The anticipated ESP, from Figure I, 
with a SAR of 9 . 2  is about 11.2. 
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NEED FOR STUDY 
Research has shown that basic relationships can be established 
between the quality of  the irrigation water and a resultant equi­
librium condition in the soil. It has also been shown that such 
relationships can be determined at highly significant levels of 
correlation. 
It has been shown that the effect of the irrigation water being 
studied is related to the resultant concentration of  the soil 
solution. This effect is not of major importance when the study 
is conducted under laboratory conditions where the concentration 
of the soil solution can be controlled, or under irrigation in arid 
climates where relatively uniform applications of irrigation water 
are made annually and natural precipitation is negligible. However, 
in semi-arid and sub-humid climates the natural precipitation 
contributes a significant portion of the total water passing through 
the soil profile. Therefore, to accurately estimate the effects of 
an irrigation water when used in these climates, such as in South 
Dakota, the natural precipitation must be considered. 
In the explanation of the interpretations made in Handbook 60 
(19), the United States Salinity Laboratory staff stated that more 
research is needed to determine the effects of natural rainfall on 
the equilibrium ESP. 
25  
Carlson (7) , in discussing newly irrigated lands in the Dakotas, 
summarized by saying, "more basic chemical and physical data are 
needed on the soils in the area , "  and that, "such information would 
assist in identifying those cond itions that require special 
attention if the area were to be placed under irrigation. " 
- It is for these reasons that this research has been undertaken. 
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METHOD OF INVESTIGATION 
After studying the areas in South Dakota in whi�h land is now 
being irrigated and the areas in which the highest potential for 
irrigation development exists accord ing to present criteria, it 
was decided to conduct the research on farms located in the east 
central section of South Dakota . Farms which use ground water as 
a source of supply were select ed from the counties of Clark Beadle ' ' 
Sanborn, Miner, and Charles Mix . 
In order to a id in the selection of farms, the County Agri­
cultural Agents of these counties were contacted and asked to 
recommend farmers that : (a) had been irr igating for an extend ed 
period of time, or were about to develop an irrigation system ;  
{b) had kept, or were likely to keep, good records of  the amount 
of water applied and the management pract ices used ; and, (c) lived 
on farms on which the soil type and drainage cond itions could be 
expected to be fairly uniform throughout the field being stua ied . 
Application for water r ights made to the State Water Resources 
Col1Ullission we re also screened for potential invest igation sites . 
Of the 35 pot ent ial sit es found, 17 were selected for 
preliminary investigation . Criteria used for selection were  
geographical location, st age of development, ant icipated water 
qu�lity of the area, and potential irr igation developmen t  of the 
area . The study was limit ed to farms using ground water as a source 
of supply because it was b e l ieved that the maj ority of marginal 
quality waters  were  from ground water sources . 
2 7 
Each of the . farms selected _for preliminary investigation was 
visited by Dr. L .  O. Fine, Head, Department of Agronomy at South ­
Dakota State University; Dr. W .  D. Lembke, Professor in Agricultural 
Engineering at South Dakota State University ; the local County 
Agricultural Agent, and the author. At the time of the visit soil 
. 
samples were taken from the ir rigated field and from similar 
adjacent nonirrigated soil. Samples of the irrigation water were 
also taken . 
The facilities of the_ Water Quality Laboratory at South Dakota 
State University were utilized to analyze the samples . 
The following determinations were made on the soil samples; 
cation-exchange-capacity, exchangeable sodium, soluble sodium, 
saturation percentage, and conductivity of the saturation extract . 
The procedures used were those recommended by the United States 
Salinity Laboratory (19) . 
The water samples were analyzed according to the procedures 
in the 12th edition of Standard Methods (11) to determine their 
suitability for irrigation. The tests included those required to 
determine the sodium -adsorption- ratio, �ercent sodium (as a 
percentage of cations) , possible percent sodium, residual sodium 
carbonate, and total salts as indicated by electrical conductivity. 
After reviewing the results obtained from the preliminary 
samples and the records of water use and management prac�ices 
available for each· location , eight locations, as shown on Figure V ,  
were selected for further study . 
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Upon reviewing the preliminary soil test results, it was 
observed that highly significant variations within any given 
irrigated field may be expected in any of the selected tests. 
Therefore, one of the locations selected for the study was chosen 
for intense sampling. This field was sampled at 15 random locations 
and at 9 different depths. The surface layer was sampled at each 
location . The number of samples taken at subsequent depths decreased 
with depth. 
Statistical analysis of the results of this sampling and 
economic considerations of the study were used to select the 
sampling procedure to be used in the study. It was decided to 
sample each field at four depths- -the first depth to be the plow 
layer and subsequent depths to be six-inch increments below the 
plow layer . The plow layer was to be sampled at 20 random locations 
within each field. The second and third depths were to be sampled 
at 10 locations and the fourth depth at 5 locations . This sampling 
procedure was used throughout the study . 
The pH of the saturation paste and the sodium-adsorption-ratio 
of the saturation extract were added as additional determinations 
to be made on each soil sample. 
Each of the locations selected for the study was sampled 
prior to the start of  the 196 7 irrigation season and again in the 
fall, approx imately one month after the - termination of irrigation . 
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In order to determine the quality of the irrigation water 
applied at each location and to determine the variation in the water, 
quality, the wells were sampled periodically throughout the 
irrigation season . The results of samples taken by the United 
States Geological Survey during the · irrigation season were also 
used to determine variations in water quality . 
Rainfall records from of ficial United States Weather Bureau 
stations in the vicinity of each field location were used to 
determine the amount of rainfall received at each location between 
the soil sampling dates. 
The amount of irrigation water applied at each field location 
was obtained from records kept by the cooperating farmers. 
The results of the 1967 samplings were analyzed statistically 
to determine the changes that had taken place during the irrigation 
season. This analysis included changes in exchangeable-sodium­
percen.tage, pH of the saturat ion paste, sodium-adsorption-ratio of 
the saturation extract, and electrical conductivity of the 
saturation extract . Application of this data was used to accomplish 
the first objective . 
One of the primary considerations involved in limiting the 
number of farms selected for study was the lengthy laboratory 
determinations that must be made and the cost involved in making 
the determinations . The maj ority of the determinat ions made were 
used to obtain the ESP of the soil. This parameter was used to 
estimate the effect of the irrigation water on the physical 
properties of the soil. 
The second objective of this research was undertaken for the 
purpose of determining those laboratory determinations necessary 
to obtain an accurate estimate of the ESP . 
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With the aid of the computer facilities at South Dakota State 
University, a multiple regression analysis of the data was made ; 
the objective being to determine the relative importance of 
exchangeable sodium, soluble sodium, CEC, and the saturation 
percentage of the soil ; the electrical conductivity and SAR of 
the saturation extract ; and the pH of the saturation paste in the 
estimation of the ESP or the sodium ratio of the soil sample. 
To accomplish the third objective, the farms were selected in 
such a manner . that the water quality ranged from excellent to 
unsuitable. The irrigation water classification was based on the 
United States Salinity Laboratory (19) criteria . 
A comparison was made between the various irrigation water 
qualities and the rates and levels of salt and alkali accumulation. 
This comparison takes into account the amount of water applied to 
date and the natural rain fall received at each location . 
The results of the first three obj ectives are used to 
evaluate present water quality criteria . and its suitability to 
the conditions that exist in areas of  semi -arid and sub-humid 
climate . 
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PRESENTATION OF DATA 
The sampling procedure outlined in the previous section, in 
which the surface layer was sampled at 20 locations, the second and 
third layers at 10 locations, and the fourth layer at 5 locations, 
was followed in both the spring and fall samplings. The only exception 
being the Hudson farm which was --selected for preliminary investigation 
and was sampled at 15 locations prior to the irrigation season. 
Figures VI through XIII show the layout of the fields sampled, 
the distribution of the sample locations, and the depths sampled 
at each location. The sample locations were chosen in such a manner 
·that they were on two lines, approximately equal distance between 
field boundaries, and traversing the field such that differences in 
topography and surface and internal drainage were represented in 
proportion to their relative areas. 
Figures XIV through XXI represent the changes observed, between 
the spring and fall samplings, in electrical conductivity of the 
saturation extract and exchangeable-sodium-percentage. The values 
plotted are the average found and are shown according to the average 
depth of their respective layers. 
A tabular summary of the graphical values shown in Figures XIV 
through XXI is presented in Appendix A. In addition, the standard 
deviation and the number of samples used in the computation of  each 
value are given . Differences between the number of samples used for 
each layer and the number of samples taken are accounted for by 
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Figure XI. Layout of Sample Locations for the Alvin Hofer Farm, 
Huron, South Dakota (NW t, Sec. 6, Tl l2N, R60W) 
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samples lost in transi� and samples eliminated due to errors in 
the laboratory. Samples which deviated considerably from the mean, 
value were not eliminated. 
A summary of the irrigation water quality for each irrigator, 
as indicated by the electrical conductivity and the sodium-adsorption­
ratio, is shown in Table II. Also shown are the total amounts of  
irrigation water applied to the field prior to the time the samples 
were taken in the spring of 1967, the total amount of  �ainfall 
received during the growing season from the time the field was first 
ir·rigated to the spring of 1967 sampling, the amount of  irrigation 
water applied during the 1967 irrigation season, and the amount of 
rainfall received during the 1967 irrigation season. A complete 
sunnnary of the water quality test results from each farm is provided 
in Appendix B .  
The amounts of irrigation water shown in the above-mentioned 
table are taken from the individual irrigators ' records and may not 
be precise measurements. The rainfall records were taken from 
official records provided by the Environmental Science Services 
Administration from recording stations in the vicinity of the fields 
studied. In the event that an of ficial station was not located 
within five miles of the field studied, an average was determined 
by considering the rainfall records from the three closest stations. 
Because of the large number of samples required to accurately 
estimate the alkali and salinity levels in a given field, a mu�tip le 
1 
· was made to determine the relative importance · regression ana ysis 
Irrigation Water Applied3 Rainfall Received4 
Irrigator Average Average Thru Spring 19 67 Thru Spring 19 6 7 
SARl Ec2 19 6 7 Season 19 6 7 Season 
Herb Blume 1 2.2  2 630 10 10 18.6 12 . 2  
Hudson 19 . 5  2 280 15 15 35 . 7  12.2 
Blewett Bros. 2.4 1495  84 12 1 15 . 6  1 1. 1  
Alvin Ho fer 10 . 5  2 120 20 10 16.5 13. 0  
Thvayne Moody 7.0 2 370 12  12 34 . 1  I .12 . 6  
J im Schmidt 8 . 2  2375  12  12  14. 4 19 . 1  
Rudy Kietzmann 12. 3 2000 90 10 183.7 19 . 1  
John Wo lters 8 . 9 1730 30 10 30 . 3 15. 1 
Wates : 1 .  SAR = Sodium-Adsorption-Ratio 
2. EC = E lectrical Conductivity (EC x 10+6 @ 25°c) 
3. Depth of irrigation water in inches 
4. Amount of  rainfall  for the months of  April thru Septe�ber in inches 
5. Estimated depth o f  irrigation water in inches required to 
equilibrate the top two feet of soil , as estimated from Figure II 
Table II. Sunnnary of  Irrigation Water Quality ,  Irrigation Water_ 
Applied and Rainfall Received 
Equilibrium 
Depth5 
-
200 
880 
47 
155 
85 
130 
300 
90 
\JI 
0 
5 1  
o f  the determinations made and their value in estimating the 
exchangeable- sodium-per�entage. The equations were determined for ' 
each of two dependen t variables as influenced by seven independent 
variables . 
The dependent variables cons id�red were the sodium ratio, 
exchangeable sodium/ (CEC - exchangeable sodium) ; and the ESP, 
exchangeable sodium/CEC. The laboratory determinations cons idered 
as  independent variables were exchangeable sodium , s oluble sodium, 
cation -exchange-capacity, s aturation percentage, electrical conduc­
tivity of the s aturation extract, sod ium-adsorption-ratio of the 
saturation extract, and the pH of the s aturation pas te. The 
analytical results from 755 soil s amples were used . 
The firs t step of the multiple regres s ion analy s i s  included a 
compari son of the correlation between any one variable cons idered 
and the remaining variables. This s tep is included to determine 
whether or not the independent variables selected are truly 
independent .  The results are presented in Table III . 
Because the dependent variables are mathematical combinations 
of  the exchangeable sodium and the cation-exchange-capaci ty, it was 
believed that both s hould not be simultaneously cons idered as 
independent variables. To support thi s conclus ion , an analys i s  was 
made with all independent variab les. The resultant equation reduced 
to an expres s ion in terms of exchangeable sodium and cation -exchange­
capaci ty . The correlation was s ignificant and the remaining 
Y1 
Y1 1. 0000 
Y2 
Y2 - - - �- - 1 . 0000 
X1 
INDEPENDENr CORRELATION OF VARIABLES 
X2 X3 X4 X5 x6 X7 
Note : Values given as 
X1 0. 67 54 0. 7448 1 . 0000 correlation coefficients (r) 
Xz 0. 3088 0. 3618 0. 5408 1. 0000 
X3 0. 3330 0. 3425 0 . 1954 0. 1037 1 . 0000 
X4 0. 2421 0. 2658 0. 1838 0. 2865 0 . 7483 1 . 0000 
X5 0. 22 19 0. 2421 0. 347 1 0. 7 9 10 0 . 0392 0. 2438 1. 0000 
x6 o. 4790 o. 5759 o. 4650 0. 5681 0. 3322 o . 3570 0. 3079 1 . 0000 
X7 0. 0920 0. 0898 0. 09 18 0. 0541 0. 2589 0. 2355 0 . 0 177  0 . 0883 1. 0000 
Y1 = Sodium Ratio = X1/ {X3-X1) 
Y2 = ESP = (X1 x lOO) /X3 
X1 = Exchangeable sodium, meq/100_ gm 
Xz = Soluble sodium, meq/ 100 gm 
X3 = Cat ion-exchange-capacity , meq/ 100 gm 
X4, = Saturation percentage 
X5 = Electrical conductivity of saturation 
extract , EC x 10 -3 @ 250c 
X6 = SAR of saturation extract 
X7 = pH of saturation paste 
Table III. Independent Correlation of Variables 
Vt 
N 
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independent variables_ were found to be unrelated to the variation 
of the dependent variables. In subsequent determinations , these 
two variables were not used simultaneously and better correlations 
were obtained. 
The results of the multiple regression analysis are shown in 
Table IV. Six equations were determined for each dependent variable. 
The first two equations for each dependent variable were used to 
determine whether exchangeable sodium content or the cation-exchange­
capacity would be used in subsequent equations which were obtained 
by eliminating the least significant independent variable from the 
previous equation. The number of terms in the equation were reduced 
until the correlation coefficient (r) was significantly affected. 
The equations reduced to an expression in terms of exchangeable 
sodium and the saturation percentage with each of the dependent· 
variables. The resultant equations are shown below : 
Sodium Ratio = 0.109 + 0. 053 (Exchangeable Sodium) -
0.0023 (Saturation Percentage) 
ESP = 8. 214 + 4. 329 (Exchangeable Sodium) -
0. 1884 (Saturation Percentage) 
(XII) 
(XIII) 
The correlation coefficients are 0. 771 3 and 0. 8501 respectively. 
In order to evaluate the amount of alkali accumulation for any 
one location, it is necessary to determine the amount of irrigation 
water applied prior to the time of sampling and compare this amount 
with the quantity of irrigation water . required to reach equilibrium. 
Dependent Independent Variables 
Variable X1 X2 X3 X4 
Y1 0 . 0253 -0 . 0021 0 . 0001 
0 . 0 539 -0 . 0263  -0. 002 1 
0 . 0532 -0 . 0 180 -0 . 0023 
0 . 0527 -0 . 0025 
0 . 0533 -0 . 0023 
0 . 0531 -0 . 0023 
Y2 1 . 8617  -0 . 1347 0 . 0086 
4 . 1640 -2 . 0921  -0 . 1542 
4 . 1137 - 1 . 5 120 -0 . 1677  
4 . 0768 -0 . 1813 
4 . 1042 -0 . 1724 
4 . 3292 -0 . 1884 
Note : The multiple regres s ion equations are o f  the form , 
X5 
0 . 0035 
0 . 0 148 
0 . 0 134 
0 . 0083 
0 . 1533 
0 . 9 666 
0 . 8674 
0 . 4401 
x6 X7 r 
0 . 0061  -0 . 0002 0 . 5283 
0 . 0005 0 . 0040 0 .  7787  
0 . 0001 0 .  7749 
-0 . 0006 0 .  7741  
-0 . 000 1 0 .  7 7 1 3 
0 .  7 7 1 3  
0 . 6074 -0 . 0362 0 . 6082 
0 . 1669 0 . 2805 0 . 8574 
0 . 1435 0 . 8544 
0 . 0790  0 . 8535 
I 0 . 1086 0 . 8522 
0 . 8501 
Y = y + b1 (X1 -x1) + b2 (X2-x2) + b3 (X3-x3) + b4 (X4-x4) + b5 (X5-x5) + b6 (X6 -X6) + b7 (X7 -x7 ) 
where : Y1 = o . 0683 x4 =44 . 0 14 
12 = 4 . 896 x5 = 1 . 085  
�l = 1 . 149 X6 = 6 . 630 
x2 = o . 445 x7 = 1 . 100 
x3 =2 1 . 004 
Table IV . Partial Regres s ion Coefficients and Correlation Coefficients 
Obtained by Multiple Regres s ion 
l/'I 
� 
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The levels of  alkali accumulation in the surface layer i� May, 
1967 at the time o f  the spring sampling _and in September, 1967 wh�n 
the fall samples were taken, and the total irrigation water applied 
prior to these samplings are shown in Figure XXII . The SAR o f  the 
irrigation water used and the estimated ESP at equilibrium are also 
given . The levels o f  alkali �tcumulation are taken from Appendix A. 
Depths of  irrigation water applied are obtained from Table II . The 
amount o f  irrigation water required to reach equilibrium was 
estimated using Figure II. The estimated ESP at equilibrium is 
obtained from Figure I. 
The levels o f  salt accumulation found in the spring and fall 
samplings and the total irrigation water applied prior to these 
samplings are shown in Figure XXIII. The electrical conductivity 
(EC x 10+6 @ 2s0c) o f  the irrigation water used at each location is 
also shown. The salinity values shown are for the surface layer 
only and are taken from Appendix A. Depths of  irrigation water 
applied are taken from Table II . 
Because many of  the waters used in this study contain various 
amounts o f  residual-sodium-carbonate , an evaluation o f  this hazard 
was desired . The saturation index, as computed from Equation VIII , 
was used for this evaluation. The average pH o f  the saturated soil 
paste for all samples from any one location was used for pHa , The 
pH values were determined from the results o f  irrigation water 
analysis . The saturation index values for each farm are shown in 
Table V .  
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V, "" 
Irrigator m�q/ 1 meq/ 1 meq/1 Plic PHa Saturation Index* 
cat ions HC03 Ca PHa - Plic 
Alvin Ho fer 26 . 6  8 . 56 4 . 8 2  7 .08 7 . 20 +o . 12 
Rudy Kietzmann 22 . 9  6 . 1 1 3 . 32 7 . 36 7 . 35 -0 .01  
J im Schmidt 2 7 . 4  7 . 85 5 . 7 2 7 .05 7 . 18 +o . 13 
John Wo lters 24 . 8  1 1 . 9 2  4 . 25 6 . 9 7  7 . 42 +0 . 45 
Herb Blume 2 7 . 9  7 . 33 4 . 39 7 . 19 6 . 87 -0 . 32 
Hudson Farm 22 . 5  10 . 55 1 . 96  7 . 35 7 .04 -0 . 3 1 
Blewett  Bro s . 17 . 7  6 .34 7 . 49 6 . 97  6 . 89 -0 . 08 
Dwayne Moody 27 . 5  6 .03 7 . 74 7 .02 6 . 8 1  -0 . 21 
*Po s it ive values o f  the saturation index indicate that calcium carbonate 
wil l  precipitate, negative values indicate that it  will not . 
Table V .  Computation of the Saturation Index for the Locations Studied 
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DISCUSSION OF RESULTS 
The first objective of this research was to determine, by soil 
and water analysis, the rates of salt and alkali accumulations in 
soils typical of those being irrigated in South Dakota. 
It is the opinion of  the persons consulted in the initial 
phases o f  this study that the soils selected for study are typical 
of those being ir rigated and the potentially irrigable soils in 
South Dakota. The quality of the irrigation water at the selected 
locations is also representative of the ground water available for 
irrigation development . 
By examination of the test data it was found, with few 
exceptions, that the elec t rical conductivity of the saturation 
extract and the ESP increased at the soil depths tested during the 
1967 irrigation season. Although the standard deviation was 
sufficiently large that in some cases statistically signi ficant 
differences could not be shown to exist, the trend at all of the 
locations studied was toward higher levels of electrical conductivity 
and ESP. 
The Blewett Bros. farm is the only location tested in which 
the amount of irrigation wat er applied would be considered sufficient 
to equilibrate the - profile tested . The irrigation water used is 
of a qual ity that t he sodium and salin�ty hazards are considered 
to be low. The result of soil t ests indicates that the equilibrium 
levels of sodium and salini ty are very close to the pr e d i c t e d  leve �s 
and continued irrigation with this quality of water should not 
result in hazardous accumulations. 
The remaining locations tested have not received sufficient 
water to equilibrate the tested profile. The irr igation water 
at the remaining locations is suffi-ciently high in dissolved 
salt content that saline conditions are anticipated if the soils 
are not properly leached. The estimated ESP at the Hudson farm 
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is sufficient to develop a saline-alkali soil. Conditions approach­
ing a saline-alkali soil are anticipated on the Rudy Kietzmann 
and Herb Blume locations. 
If the increases in salinity found on the Jim Schmidt and Rudy 
Kietzmann farms continue at the present rate, a saline condition 
can be expected to occur in the next few years . 
Continued increase in the ESP at the present rate on the 
Hudson, Hofer, Wolters, and Kietzmann farms should result in a 
noticeable degradation of the soil structure and a decr�ase in the 
permeability within the next few seasons . However, it should be 
ment ioned that the September, 1967 level of ESP at the Kietzmann 
location is approx imately the estimated ESP for the water being 
used and further increases may not occur . 
It is the opinion of  the author, based on observations of the 
soil texture in the field samp led as compared to bordering 
nonirrigated fields, that the soil structure at the Alvin Hofer 
location is presently showing the adverse effects of sodium 
accumulation . 
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The second objec·tive of  this study was to  evaluate the 
laboratory determinations made on each soil sample and their value 
in determining the ESP of the soil. Because of the variability of 
the ESP and electrical conductivity within any given field, it is 
necessary to obtain a great number of samples to accurately· estimate 
the average field condition. For this reason, an attempt was made 
to find a significant correlation which would shorten the amount of 
laboratory work involved in determining the ESP. 
In previous work at the United States Salinity Laboratory (19) , 
a highly significant correlation was fdund to exist between the SAR 
of the saturation extract and the ESP of the soil. If this relation­
ship could be used, the laboratory work involved would amount to 
about one-third of that used in this research. 
In the first step of the multiple regression analysis it was 
found that approximately 25 percent of the variation in ESP could 
be attributed to changes in SAR, (see Table III). This is not 
considered sufficiently accurate for research work . 
The multiple regression analysis �esulted in an expression of  
ESP in terms of  the exchangeable sodium content of  the soil (meq/100 
gms) and the saturation percentage of the soil. The correlation is 
such that approximately 70  percent of the variation in ESP can be 
attributed to changes in exchangeable sodium and saturation 
percentage . 
The ESP is foun� to increase with increasing amounts .of 
exchangeable sodium and to decrease with increasing saturation 
percentages. The exchangeable sodium content is the predominant 
factor. 
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The multiple regression analysis also determined that the SAR 
of the saturation extract cannot be used as an accurate estimate of 
the ESP or the sodium ratio. This result is contrary to previous 
work reviewed by the author and should be substantiated by further 
work before given general application. 
The third objective was to determ�ne the effect of various 
qualities of irrigation water on the accumulation of salts and 
alkali on the soils being developed for irrigation in South Dakota. 
The results presented in Figure XXII are self-explanatory . 
Although the data represents only t he changes during one irrigation 
season with varying amounts of prior irrigation, the ESP levels are 
definitely higher with increasing sodium hazard . It can be said 
with a reasonable degree of confide�ce that the sodium hazard of 
the irrigation water directly influences the accumulation of alkali 
in irrigated soils . 
The results of the salinity accumulation during the 1967 
irrigation are shown in Figure XXIII. This figure indicates that 
the salinity accumulation is not dependent upon the salinity hazard 
of the irrigation water . This is supported by previous work where 
it has been shown 'that the salinity levels are more dependent ?POU 
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the amount of  leachi�g that is permitted than the salinity hazard of 
the irrigation water. This is in turri influenced by the internal ' 
· drainage characteristics of the soil. 
The fourth objective of this study was not accomplished and 
is  discussed under the recommendations for further study. 
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SUMMARY AND CONCLUSIONS 
This s tudy has been undertaken because of the increased 
interest in irrigation development in South Dakota . Persons in the 
Soil Conservation Service, the Federal Extension Service, the staff 
at South Dakota State University, and the Water Resources Research 
Ins titute are being asked daily to provide technical advice to 
potential irrigators . However, because of the lack of published 
recommendations based on irrigation research conducted in sub-humid 
and semi-arid climatic .areas, the advice given mus t  be based on the 
- results obtained under arid conditi9ns . 
The fact that natural precipitation has an effect on the 
rates and extent of salt and alkali accumulation has been generally 
accepted ; however, the limits of this effect have not been sub­
s tantiated to date . 
The research results presented provide information that can be 
applied in the development of an irrigation water quality criteria 
for sub-humid and s emi-arid climatic areas . 
Results of this investigation indicate the following 
conclusions :  
1. When _water high in dis solved salt is used for irrigation 
purposes, the rate of salt acc�mulation is significantly 
high and unles s  higher leaching rates are provided by 
natural or artificial drainage, saline conditions are 
very likely to develop . 
2 .  The use of �rrigation water high in sodium can be 
expected to significantly inc-rease the exchangeable­
sodium-percentage of the soil on which it is used. 
The extent of  increase that can be expected at 
equilib_rium has not been determined. 
3. An accurate estimate of the exchangeable-sodium­
percentage by methods other than those of  the United 
States Salinity Laboratory has not been determined 
and further testing should utilize the established 
procedures . 
4. Although the ESP of the irrigated soil did not appear 
to be influenced by the SAR of the saturation extract, 
it was found to vary directly with the SAR o f  the 
irrigation water. 
5. Soil salinity cannot be related directly to the 
dissolved salt content of the irrigation water if 
the dissolved salt content is used as the only 
determining factor. 
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RECOMMENDATIONS FOR FURTHER STUDY 
The data herein presented can be applied to a more comprehensive 
study to evaluate the present water quality criteria and its 
suitability to the conditions existing in South Dakota . 
In any future study that is undertaken, · an attempt should be 
made to evaluate the effects qf  natural precipitation on the 
equilibrium ESP of the irrigated soil. 
A study rif effects of natural precipitation should consider 
utilizing the procedure used by Bower and Reeve (16) for the 
reclamation of saline soils with the use of Salton Sea Water. 
The combined effect of irrigation and rain water would in 
effect be a diluted water having a corrected SAR according to the 
following equation: 
(X) 
The hypothesis of. a study_ of this nature would be that the sum of 
the irrigation and rain water may be considered as a combined 
water, the SAR of which determines the equilibrium ESP of the soil. 
In future work the effects of salt and alkali accumulation 
should be studied to a greater depth of the soil profile. A 
suggested depth would be the effective root depth of crops grown 
in South Dakota, or about four feet . 
Further work should also be condvcted to determine the number 
of samples required per field location to determine significant 
differences in salt and alkali accumulation. 
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Consideration should also be given to the use of a plot size 
study in conjunction with a field study so that a more accurate 
measure of annual changes can be obtained. A study of this nature 
could utilize rates of irriiation water application such that a 
constant dilution factor is maintained, when - the natural precipitation 
is considered. 
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GLOSSARY 
Absorption--The process by which a substance is taken into and 
included within another substance, i. e. , intake of water
. 
by soil, or intake of gases, water, nutrients, or other 
substances by plants. 
Adsorption--The increased concentration of molecules or ions at 
a surface, including exchangeable cations and anions on 
soil particles. 
Alkali Soil--A soil that contains sufficient exchangeable sodium 
to interfere with the growth of most crop plants, either 
with or without appreciable quantities of  soluble salts. 
(See Nonsaline-Alkali Soil and Saline-Alkali Soil. ) 
Alkaline--A chemical term referring to basic reaction where the 
pH reading is above 7, as distinguished from acidic 
reaction where the pH reading is below 7.  
Alkaline Soil--A soil that has a alkaline reaction, i. e. , a 
soil for which the pH reading of the saturated soil paste is 
higher than 7. 
Alkalization--The process whereby the exchangeable-sodium content 
of a soil is increased. 
Bulk Density--The ratio of the mass of water-free soil to its· 
bulk volume. Bulk density is expressed in pounds per cubic 
foot or grams per cubic centimeter and is sometimes referred 
to as "apparent density. " When expressed in grams per 
cubic centimeter, bulk density is numerically equal to 
apparent specific gravity or volume weight. 
Cation Exchange--The interchange of a cation in solution with 
another cation on a surface-active material. 
Cation-Exchange-Capacity--The total quantity of cations which a 
soil can adsorb by cation exchange, usually expressed as 
milliequivalents per . 100 grams. Measured values of cation­
exchange-capacity depend somewhat on the method used for 
the determination . 
72 
Coefficient of Correlation--A statistic used in linear correlation 
that provides a measure of the proportion of variation in one 
variable that is associated with variation in another var�able. 
73 
Coefficient of Determination--A statistic used in linear correlation 
that gives the fraction of the variance in one variable which 
is associated with variance in another variable. It is the 
.square of· the coefficient of correlation and is usually 
expressed in percent. 
Dispersed Soil--Soil in which the clay readily forms a colloidal 
sol. Dispersed soils usually have low permeability. They 
tend to shrink, crack, and become hard on drying and to slake 
and become plastic on wetting. 
Drainage--1. The processes of --the discharge of water from an 
area of soil by sheet or stream flow (surface drainage) 
and the removal of excess water from within soil by down­
ward flow through the soil (internal drainage) . 2. The 
means for effecting the removal of water from the surface of 
soil and from within the soil, i. e. , sloping topography 
or stream channels (surface drainage) and open ditches, 
underground t�le lines, or pumped wells (artificial drainage) . 
Electrical Conductivity--The reciprocal of the electrical 
re�istivity. The resistivity is the resistance in ohms of 
a conductor, metallic or electrolytic, which is 1 cm. 
long and has a cross-sectional area of 1 cm. 2 ·Hence, 
electrical conductivity is expressed in reciprocal ohms 
per centimeter, or rnhos per centimeter. The terms 
"electrical conductivity" and "specific electrical 
conductance0 �ave identical meaning. 
Equivalent; Equivalent Weight--The weight in grams of an 
ion or compound that combines with or replaces 1 gm of 
hydrogen . The atomic weight or formula weight divided 
by its valence. 
Exchange Capacity--See Cation-Exchange-Capacity. 
Exchange Complex--The surface-active constituents of soils 
(both inorganic and organic) that are capable of cation 
exchange. 
Exchangeable Cation--A cation that is adsorbed on the exchange 
complex and which is capable of exchange with other cations. 
Exchang�-Sodium-Percentage--The degree _of saturation of the
 soil 
exchange complex with sodium . It may be calculated by 
the formula : 
ESP = E
xchangeable sodium (meg. /100 gm. soil) 
Cation-exchange-capacity (meq. /100 gm . soil) 
X 100 
· ·-
Leaching--The process of removal of soluble material by the 
passage of water through soil. 
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Leaching Reguirement--The fraction of the water entering the soil 
that must pass through the root zone in order to prevent soil 
salinity from exceeding a specified value. Leaching 
requirement is used primarily under steady-state or long­
time average conditions. 
Millieguivalent Per Liter--A milliequivalent of an ion or a 
compound in 1 liter of solution. 
-
Nonsaline-Alkali Soil--A soil that contains sufficient exchangeable 
sodium to interfere with the growth of most crop plants and 
does not contain appreciable quantities of soluble salts. 
The exchangeable-sodium-percentage is greater than 15 and 
the electrical conductivity of the saturation extract is 
less than 4 millimhos per centimeter (at 25° C.). The pH 
reading of the saturated soil paste is usual ly greater than 
8. 5. 
Osmotic Pressure--The equivalent negative pressure that influences 
the rate of diffusion of water through a semipermeable 
membrane. Its direct experimental value of a solution is the 
pressure difference required to equalize the diffusion rates 
between the solution and pure water across a semipermeable 
membrane. Osmotic pressure in atmospheres may be calculated 
from the freezing-point depression�T in °c . by the formula: 
OP = 12. 06�T - 0. 02l�T2 
Permeability--1. Qualitative. The quality or state of  a porous 
medium relating to the readiness with which such a medium 
conducts or transmits fluids. 2. Quantitative. The 
specific property governing the rate or readiness with 
which a porous medium transmits fluids under standard con­
ditions. The equation used for expressing the flow should 
take into account the properties of the fluid so that 
proper measurements on a given medium give the same 
permeability value for all fluids that do not alter the 
medium. The physical dimensions of the permeability unit 
are determined by the equation used to express flow. 
Reclamation--The process of removing excess soluble salts or 
excess exchangeable sodium from soils. 
Regression Coefficient- -A statistic used in linear correlation 
that gives the change in one var�·able that is associated ­
with unit change in another variable. 
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Saline-Alkali Soil- -A soil containing sufficient exchangeable 
sodium to interfere with the growth of most crop plants and 
containing appreciable quantities of soluble salts. The 
exchangeable-sodium-percentage is greater than 15, and the 
electrical conductivity of the saturation extract is greater 
than 4 nnnhos per centimeter (at 25° C. ). . The pH reading 
of  the· saturated soil is usually less that 8. 5. 
Saline Soil--A nonalkali soil containing soluble salts in such 
quantities that they interfere with the growth o f  most crop 
plants. The electrical conductivity of the saturation 
extract is greater than 4 mmhos per centimeter (at 25° C . ) ,  
and the exchangeable-sodium-percentage is less than 15. 
The pH reading of the saturated soil is usually less than 
8. 5. 
Salinization- -The process of accumulation of soluble salts in soil. 
Saturated Soil Paste--A particular mixture of  soil and water. 
At saturation the soil paste glistens as it reflects light, 
flows slightly when the container is tipped, and the paste 
slides freely and cleanly from a spatula for all soils 
except those with high cl ay content. 
Saturation Extract--The solution extracted from a soil at its 
saturation percentage. 
Saturation Percentage--The moisture percentage of a saturated 
soil paste, expressed on a dry-weight basis. 
Sodium-Adsorption-Ratio--A ratio for soil extracts and irrigation 
waters used to express the relativ·e activity of sodium ions 
in exchange reactions with soil. 
SAR 
Na+ 
where the ionic concentrations are expressed in milliequiva­
lents per liter. 
Soil Extract--The solution separated ·from a soil suspension or a 
soil at a particular moisture content. 
Soil-Moisture Stress--The sum of the soil-moisture tension and. 
the osmotic pressure of the soil solution. It is the 
suction or negative pressure to which water must be 
subjected to be at equilibrium through a semipermeable 
membrane with the solution in soil. 
Standard Deviation--A statistic used to measure the dispersion 
of a set of values around their mean. 
7 6 . 
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SYMBOLS AND ABBREVIATIONS 
SYMBOLS AND ABBREVIATIONS 
EC--------------- Electrical conductivity in mhos/cm. unless 
_ otherwise specified. 
EC x 103 _ _ _ _ _ _ _ _ _  Electricat conductivity in millimhos/cm. 
(value in mhos/cm. x 103) 
EC x 106 _ _ _ _ _ _ _ _ _  Electrical conductivity in · micromhos/cm. 
(value in mhos/cm. x 106) 
mho-------------- Reciprocal ohm; (ohm spelled backward) 
nnnho----- _------- Millimho . 
ESP-------------- ExGhangeable-sodium-percentage. 
SAR-------------- Sodium-adsorption-ratio. 
CEC-------------- Cation-exchange-capacity. 
meq. ------------- Milliequivalent. 
pHa ; pHc--------- pH reading of the saturated soil paste; 
calculated pH of the irrigation water. 
Measured with glass electrode unless 
otherwise specified. 
OP--------------- Osmotic pressure. 
fl T----- ---------- Freezing-point depression, oc .  
78 
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APPENDIX A 
·-t 
Ave . Depth 
Ave. ESP 
Std. Deviation 
Number of  Samples 
Ave. Depth 
Ave. EC 
Std. Deviation 
Number of  Samples 
SOIL TEST RESULTS FOR THE HERB . BLUME FARM 
Surface 
3. 42 
4 .  74  
2.05 
20 
EXCHANGEABLE-SODIUM -PERCENTAGE (ESP) 
1967 
Sampl ing Layer 
Second Third Fourth Surface 
8. 95  12. 7 2  16. 50 3. 37  
2. 9 2  2. 17 1 . 10 6. 53 
2. 55 1. 94 0. 50 3. 76 
10 9 4 20 
Fall 1967 
Sampling Layer 
Second Third 
8. 56 12.05 
2. 10 1. 26 
1. 2 7  1. 50 
8 10 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS (EC) 
(ECxlQ -3 @ 250c) 
3. 42 8. 95  12. 72  16 . 50 3. 37 8. 56 12. 05 
0.8 20 0. 893 0. 839 1 .043 0. 948 0 . 986 0 .927  
0. 140 0. 196 0 . 163 0. 364 0 . 157  0 . 142 0 . 223 
20 10 9 4 20 8 7 
Fourth 
16 .00 
1. 70 
1.63 
5 
16.00 
0. 958 
0 .034 
5 
0> 
0 
Ave . Depth 
Ave . ESP 
Std . Deviation 
Number of  Samples 
. Ave . Depth 
Ave . EC 
Std . Deviation 
Number of  Samples 
Surface 
3 . 50 
7 . 9 1  
1 . 58 
12  
SOIL TEST RESULTS FOR THE HUDSON FARM 
EXCHANAGEABLE-SODIUM-PERCENTAGE (ESP) 
Spring 1967 
Sampling Layer 
Second Third Fourth Surface 
10 . 25 15 . 10 22 . 0  3 . 18 
6 . 04 3 . 22 3 . 22 9 . 48 
2 . 80 - - - - - - - - - - 3 . 7 5 
12 4 2 20 
Fal l  1967 
Sampling Layer 
Second Third 
8 . 20 1 1 . 9  
6 . 95 6 . 75 . 
2 . 30 3 ;2 3  
10 10 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS (EC) 
(ECxlQ-3 @ 25°C) 
3 . 50 10 . 2 5 15 . 10 22 . 0  3 . 18 8 . 20 1 1 . 9  
0 . 920 0 . 840 o .  720 1 . 325  1 . 615  1 . 452 1 . 328  
0 . 139 0 . 340 0 . 187 - - - - - 0 . 367 0 . 641  0 . 563  
12 12 4 2 20 10 10 
Fourth 
16 . 0  
3 . 05 
2 . 53  
5 
16 . 0  
1 . 0 14 
0 . 2 38 
5 
00 
� 
Ave . Depth 
Ave . ESP 
Std . Deviation 
Number of Samples 
Ave . Depth 
Ave . EC 
Std .  Deviation 
Number of Samples 
SOIL TEST RESULTS FOR THE BLEWETT BROS . FARM 
Surface 
3 . 38 
1 . 69 
0 . 79 
20 
EXCHANGEABLE-SODIUM-PERCENTAGE (ESP) 
Snring 1967 
Sampling Layer 
Second Third Fourth Surface 
8 . 45 1 1 . 7 5 15 . 50 3 . 35 
2 . 17 2 . 34 2 . 43 2 . 16 
1 . 38 0 . 62 0 . 68 0 . 50 
10 10 5 20 
Fall 1967  
Sampling Layer 
Second Third 
8 . 60 12 .05  
2 . 54 2 . 7 6 
0 .84 0 : 7 5 
10 10 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS (EC) 
(Eex10 -3 @ 2s0c)' · 
3 . 38 8 . 45 1 1 .  75 15 . 50 3 . 35 8 . 60 12 .05  
0 . 792 0 . 79 5  0 . 702 0 . 676  0 . 931  0 .848 0 . 857  
0 . 138 0 . 113 0 . 133 0 . 100 0 . 162 0 . 197  0 . 2 38 
20 10 10 5 20 10 10 
Fourth 
15 . 80 
2 . 69 
0 . 85  
5 
15 . 80 
0 .891 
0 . 194 
5 
00 
N 
Ave. Depth 
Ave. ESP 
Std. Deviation 
Number o f  Samples 
Ave. Depth 
Ave. EC 
Std. Deviation 
Number of  Samples 
SOIL TEST RESULTS FOR THE JOHN WOLTERS FARM 
Sur face 
3.00 
8. 69 
6.05 
20 
EXCHANGEABLE -SODIUM-PERCENTAGE {ESP) 
Spring 1967 
Sampling Layer 
Second Third Fourth Sur face 
8. 20 12.20 15. 50 3.00 
7.93 6.96 9.09 6. 37 
2. 50 3.33 8. 30 2.40 
10 10 5 20 
Fall  1967  
Sampling Layer 
Second Third 
7. 95  1 1.85 
9.03 8. 55 . 
2.79 2 �92 
10 10 
CONDUCTIVITY OF SATURATION EXTRACT . IN MILLIMHOS {EC) 
(ECxlQ-3 @ 250C) 
3.00 8. 20 12. 20 15.50 3.00 7 .95  1 1. 85 
0. 680 0. 642 0.657 0.653 0.905 1.028 1.030 
0. 166 0.17 6 0. 215 0. 235 0.195 0. 250 0. 2 12 
20 10 10 5 20 10 10 
Fourth 
15. 60 . 
1 1.63 
7. 56 
5 
15. 60 
0. 876  
0.07 1 
5 
00 
w 
Ave . Depth 
Ave . ESP 
Std . Deviation 
Number of Samples 
· Ave. Depth 
Ave . EC 
Std. Deviation 
Number of  Samples 
SOIL TEST RESULTS FOR THE. DWAYNE MOODY FARM 
Surface 
3 . 45 
1 . 96 
0 . 67 
20 
EXCHANGEABLE -SODIUM-PERCENTAGE (ESP) 
SorihS? 1967 
Sampling Layer 
Second Third Fourth Surface 
8 . 90 1 2 . 70 16 .60 2 . 94 
1 . 58 1.46 1.35 2 . 70 
0 . 50 o .  77  0.7 1  2 . 90 
10 10 5 18 
Fall  1967 
Sampling Layer 
Second Third 
7.94 11 . 90 
3 . 54 3.69 ' 
4.89 5.24 
9 10 
CONDUCTIVITY OF SATURATION EXTRACT tN MILLIMHOS (EC) 
(ECxlQ-3 @ 250C) 
3 . 45 8 . 90 12 . 70 16.60 2.94 7 . 94 11.90 
0.689 0 . 7 13 0 .633 0.598 1.144 1.094 1.196 
0 .094 0.084 0.129 0.048 0.640 0.414 0.240 
20 10 10 5 18 9 10 
Fourth 
15 .80 . 
12.92 
18 . 59 
5 
15.80 
0 . 994 
0.319 
5 
(X) 
� 
Ave . Depth 
Ave. ESP 
Std . Deviation 
Number of Samples 
Ave . Depth 
Ave . EC 
Std . Deviation 
Number o f  Samples 
Surface 
3 . 05 
8 . 8 1  
3 . 2 1 
20 
SOIL TEST RESULTS FOR ALVIN HOFER FARM 
EXCHANGEABLE-SODIUM-PERCENTAGE (ESP) 
Soring 1967 
Sampl ing Layer 
Second Third Fourth Surface 
7.85 1 1 . 60 15 . 30 2. 92 
9 . 0 1  7 . 9 3  6 . 44 9 .63 
1 . 46 4 . 36 1 . 37 4 . 04 
10 10 5 20 
Fall  1967 
Sampling Layer 
Second Third 
7 .60 1 1 . 25 
10. 76 1 1 . 52 
2 . 2 7 3 .,07  
' 10 10 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS {EC) 
(ECxlQ-3 @ 2 SOC) 
3 . 05 7 . 85 1 1 . 60 15 . 30 2 . 9 2  7 .60 1 1 . 25 
0 . 622 0.675 0 .633 0.698 0 . 877  0 . 974 0 . 7 70  
0. 086 0 . 142 0 . 109 0 . 135 0. 354 0 . 334 0 . 2 1 1  
20 10 10 5 20 10 10 
.. 
Fourth 
15 .60 
10. 16 
3 . 18 
5 
15 .60 
0. 662 
0 . 1 57 
5 
00 
V1 
Ave .  Depth 
Ave .  ESP 
Std . Deviation 
Number o f  Samples 
· Ave . Depth 
Ave . EC 
Std . Deviation 
Number o f  Samples 
SOIL TEST RESULT� FOR THE RUDY KIETZMANN FARM 
Surface 
3 . 60 
7 . 67 
2 . 66 
20 
EXCHANGEABLE -SODIUM-PERCENTAGE (ESP) 
Suring 1967 
Sampling Layer 
Second Third Fourth Surface 
9 . 15 13 . 55 17 . 80 3 . 55 
8 . 54 9 . 58 9 . 53 8 . 5 1  
1 . 85 1 . 12 4 . 55 2 . 38 
10 10 5 20  
Fal l  1967  
Sampl ing Layer 
Second Third 
7 . 95 12 . 05 
1 1 . 62 12  . 57 
2 .  7 2  7 . 55 
10 10 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS (EC) 
(ECxl0-3  @ 25°c) 
3 . 60 9 . 15 13 . 55 17 . 80 3 . 55 7 . 95 12 . 05 
1 . 344 1 . 116 1 . 303 1 . 388 1 . 970 · 2 .  307 2 . 7 34 
0 . 448 0 . 242 0 . '259 0 . 485 0 . 605 0 . 832  0 . 857 
20 10 10 5 20 10 10 
.1 
Fourth 
15 . 7 0 '  
12 . 84 
9 . 03 
5 
15 . 70 
3 . 625  
0 . 948 
5 
00 °' 
Ave . Depth 
Ave . ESP 
Std . Deviation 
Number of Samples 
'Ave . Depth 
Ave . EC 
Std . Deviation 
Number of Samples 
SOIL TEST RESULTS FOR THE JIM SCHMIDT FARM 
Surface 
3 . 40 
3 . 04 
1 . 78 
20  
EXCHANGEABLE-SODIUM-PERCENTAGE (ESP) 
Spring 1967 
Sampling Layer 
Second Third Fourth Surface 
8 . 60 12 . 50 16 . 10 3 . 05 
4 . 07 2 . 46 2 . 9 3  6 . 00 
2 . 88 1 . 94 1 . 13 2 . 18 
10 10 5 19 
Fal l  1967 
Sampling Layer 
Second Third 
8 . 55 12 . 44 
6 . 69 5 . 40 . 
2 . 0 1  4 _ 9-4 
9 9 
CONDUCTIVITY OF SATURATION EXTRACT IN MILLIMHOS (EC) 
(Ecx10 -3 @ 2sec) 
3 . 40 8 . 60 12 . 50 16 . 10 3 . 05 8 . 55 12 . 44 
0 . 720 0 . 641 0 . 70 1  0 . 806 1 . 847 2 . 088 2 . 170 
0 . 148 0 . 130 0 . 098 0 . 143 0 . 534 0 . 665  0 . 510 
20 10 10 5 19 9 9 
Fourth 
16 . 00 
7 . 03 
1 1 . 80 
4 
16 . 00 
2 . 048 
0 . 540 
4 
00 
'1 
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APPENDIX B 
SUMMARY OF IRRIGATION WATER ANALYSIS FOR HERB BLUME 
Date June 1 ,  Aug . 10, July 14, Aug . 1, Aug . 17, 
19 66 1966 1967  1967 1967  
Calcium�\· 4 . 14 5 .  7 2  3. 60 3 . 84 4. 64 
Magnes ium1C' 0 . 87 3. 25 3. 34 1 .08 1 .07 
Sodium'i'.- 20 . 85 20. 66 2 1 . 75 20 . 97 2 1. 66 
Potas s ium�'C" 1 .07 0. 25 0 . 26 0. 24 0 . 23 
BicarbonateiC" 6 . 68 7 . 50 7 . 60 7 . 28 7 . 60 
Sulfate-JC' 19 . 30 17. 68 15. 8 1  13 . 85 13 . 56 
Chloride-JC' o .  7 7  1 . 40 1 . 40 1 . 47 1 . 89 
Ee�•�•(" 2280 2410 3480 2470 2510 _ pH 7 . 42 7 . 90 - 7 . 50 7 . 7 1  7 . 28 
% Sodium 77 . 5  69 . 1  75 . 1  80 . 2  78 . 5  
RSO'(' 1 . 67 0 .0 0 . 66 2 . 36 1 . 89 
SAR 13 . 17 9 . 74 1 1 . 67 13 . 36 12 . 82 
* Indicates concentration in meq/ 1 
(X) ** Indicates Electrical Conductivity (EC x 10-6 @ 25°c) \0 
SUMMARY OF IRRIGATION WATER ANALYSIS FOR THE HUDSON FARM 
Date Aug. 10 , July 17 , Aug . 1 ,  Aug . 1 7 , 
1966 1967 1967 1967 
Calcium";': 1. 98 2.00 2 . 12 1 .  72  
Magnes ium')': 0. 43 0 . 20 0. 48 1 . 14 
Sodium"i': 21. 36 21.32 22 . 36 22. 18 
Potas s ium')': 0. 17  0 . 20 0. 20 0 . 20 
Bicarbonate"i'.- 11. 22 9. 84 10 . 24 10. 88 
Sulfate-;'_- 5. 41 4. 58 2 . 91 3. 74 
Chloride')': 8 . 54 8. 56 8 . 88 9. 80 
EC')'d: 2220 . · 2270 2250 2390 pH 7. 82  7 . 70 7 .65 7.60 
% Sodium 89. 2 89 . 9  88 . 9  87. 9 
RSC')'.- 8 . 81 7.64 7 .64 8.02 
SAR 19. 4  20 . 3  19 .61 18 . 54 
* Indicates concentration in meq/1 ** Indicates E lectrical Conductivity (EC x 10-6 @ 25°c) 
'! 
SUMMARY OF IRR IGATION WATER ANALYSIS FOR BLEWETT BROS . 
Date June 2 1, Sept. 6 ,  July 14, Aug. 1, Aug. 17, 
1966 1966 1967 1967 1967 
Calcium.,.( 7. 50 5. 60 8. 60 8. 00 7. 7 6  
Magnes ium-;'( 5 . 04 3. 03 4 . 53 3. 59 4. 48 
Sodium-I< 6. 52 4.80 5 . 92  5. 94 5. 98 
Potas s ium.,.< 0. 44 0. 18 0. 22 0. 19 0. 20 
Bicarbonate-;\• 6. 12 5. 92  6. 32 6. 76  6. 60 
Sulfate"i'< 1 1. 30 9. 15 10.82 9. 36 12. 60 
Chloride"i'< . 0. 46 0. 53 0. 56 6. 02  0 � 7 7 
EC"i'd( 1375  . 1440 1600 1505 1555  pH 7. 40 8. 00 7. 44 7. 2 1  6. 92 
% Sodium 33. 4  35. 3  30. 7 33. 5 32. 5 
RSO'< 0. 0 0. 0 0. 0 0. 0 0. 0 
SAR 2. 60 2. 30 2. 30 2. 46 2. 42 
* Indicates concentration in meq/ 1 
** Indicates E lectrical Conductivity (EC x 10-6 @ 25°c) 
SUMMARY OF IRRIGATIQN WATER .ANALYS IS FOR JOHN WQLTERS 
Date May 18 , Aug . 10 , Aug . 17 , 
1966 1966 1967 
Calcium";', 3. 90 4. 62 4 . 52 
Magnesium";', 1. 34 3 .68 1.62 
Sodium-.', 17 . 20 15. 33 15 . 3 1  
Potas s ium";', 1 . 35 0. 29 0. 31  
Bicarbonate";', 1 1 . 24 12 . 30 12. 00 
Sulfate";', 6 .66 6. 65 4. 9 1  
Chloride')', 1. 76 2. 10 2 .03 
EO'd, 1870 1400 1920 pH 7. 79 7.85 6. 99 
% Sodium 72 . 1  64.0 70 . 4  
RSC"'• 6.00 4 .00 5.86 
SAR 10.60 7 . 55 8. 73 
* Indicates concentrat ion in meq/ 1 
** Indicates Electrical Conductivity (EC x 10-6 @ 2s0c) 
SUMMARY OF IRRIGATION WATER ANALYSIS FOR DWAYNE MOODY 
Date July 8 ,  July 29 , July 14 , Aug . 1 ,  Aug . 17  , "  
1966 1966 1967 1967 1967 
Calcium')'< 9 . 10 8 . 15 6 . 20 7 . 44 7 . 80 
Magnesium�'< 2 . 50 1 . 96 6 . 30 2 . 95 2 . 40 
Sodium-;'< 15 . 80 17 . 9 6 16 . 31 15 . 7 5 15 . 40 
r Ota S S i  um�'( 0 . 36 0 . 33 0 . 34 0 . 30 0 . 31 
Bicarbonate')'< 5 . 94 6 . 38 6 . 00 5 . 7 6 6 . 08 
Sulfate�'< 15 . 10 13 . 7 3  1 1 . 44 1 1 . 40 14 . 35 
Chloride1< 5 . 90 5 . 63 5 . 82  6 . 03 6 . 23 
EC-,'<-.'< 2490 2460 2 335 2 140 2420 
pH 7 . 41 7 . 50 7 . 38 7 . 21 6 . 82 
% Sodium 56 . 9  63 . 2  56 . 0  59 . 0  59 . 4  
RSC-.'< 0 . 00 0 . 00 o . oo . 0 . 00 0 . 00 
SAR 6 . 60 8 . 00 6 . 52 6 . 9 1 6 . 82  
* Indicates concentration in  meq/ 1 \0 
** Indicates E lectrical Conductivity (EC . x 10-6 @ 2s0c) w 
SUMMARY OF IRRIGATION WATER ANALYSIS . FOR ALVIN HOFER 
Date Aug .  10 , July 14 , Aug . _ 1 ,  
1966 1967 1967 
Calcitimic 10 . 34 5 .00 4 . 64 
Magnes ium')'c 1 .  7 3  2 . 36 1 . 68 
Sodium')'c 4 . 26 19 . 66 19 . 49 
Potas s ium"''c 0 . 20 0 . 25 0 . 2 1 
Bicarbonate"'c 6 . 82 8 . 56 8 . 56 
Sulfate"'c 10 . 92  9 . 36 8 . 1 1 
Chloride')'c 1 . 68 7 . 34 7 . 53  
EC"Jb'c 1540 2530 2 170 pH 7 . 35 7 . 68 7 . 60 
· % Sodium 25 . 8  7 2  . 1  74 . 9  
RSC"J'C 0 .0 1 . 20 2 . 24 
SAR 1 .  7 10 . 25 10 . 96 
* Indicates concentration in meq/ 1 
** Indicates Electrical Conductivity (EC x 10-6 @ 25°C) .,i::.. 
SUMr:1.ARY OF IRRIGATION WATER ANALYSIS FOR RUDY KIETZMANN 
Date July 14 , Aug.  1 ,  Aug.  1 7 , Aug . 24 , 
1967 1967 1967 1967*** 
Calcium"J'( 4 . 00 2 . 88 3 . 08 7 . 52 
Magnesium')'( 0 . 39 o .  7 1  0 . 51 8 . 66 
Sodium"J'( 18 . 62 1 7 . 18 16 . 96 19 . 75 
Pot as s i um"J'( o .  7 1  0 . 45 0 . 23 0 . 62 
Bicarbonatei( 6 . 08 6 . 08 6 . 16 6 . 80 
Sulfate1: 9 . 57 7 . 28 7 . 20 20 . 80 
Chloride1: 5 . 2 1 5 . 56 5 . 67 5 . 88 
EC1d: 2225 1785 1990 3255 
pH 7 . 95 7 . 62 7 . 60 7 . 90 
% Sodium 78 . 5  8 1 . 0  8 1 . 6  54 . 0  
RSC"J'( 1 . 69 2 . 49 2 . 57 0 . 0  
SAR 12 . 55 12 . 82 12 . 66 6 . 94 
* Indicates concentration in meq/ 1 
\0 ** Indicates E lectrical Conductivity (EC x 10 -6 @ 25°C) . VI 
1��* Indicates U .  S .  Geo logical Survey sample 
SUMMARY OF IRRIGATION WATER ANALYSIS FOR JIM SCHMIDT 
Date May 12 , July 8 ,  July 14 , Aug . 1 ,  Aug . 15 , 
1966 1966 1967 1967 1967-;h'c-* 
Calcium-Jc- 6 . 65 6 . 38 6 . 60 6 . 56 6 . 64 
Magnes ium-Jc 2 .  7 1  2 . 39 2 . 95 2 . 2 3  2 . 44 
Sodium-;'c- 18 . 97 14 . 80 18 . 79 17 . 40 17 . 75 
Po tas s i um-,'c 0 . 90 0 .  72  0 . 74 0 . 69 0 . 69 
Bicarbona te-,'c- 5 . 64 4 . 86 5 . 84 s . 160 4 . 88 
Sul fate-,'c- 16 . 35 17 . 16 14 . 77  14 . 06 14 . 35 
Chloride-Jc- 4 . 18 3 . 94 4 . 48 4 . 55 5 . 04 
EC'i'd: 2620 2 140 2380 2 360 2 620 _ pH 7 .  7 1  7 . 62 7 . 48 7 . 48 .7  . 42 
% Sodium 64 . 9  60 . 9  64 . 6  64 . 7  64 . S  
RSC.,'c 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 
SAR 8 . 65 7 . 10 8 . 58 8 . 28 8 . 34 
* Indicates concentration in meq/ 1 
· ** Indicates E lectrical Conductivity (EC x 10 -6 ·@ 25°c) 
*** Indicates U .  S .  Geo logical Survey sample 
